The environmental pollution, global warming and energy crises, all resulted by the extensive use of fossil fuels in automobiles and industry. In this situation of need of sustainable energy, hydrogen as a fuel obtained by steam reforming of bio-derived ethanol (bioethanol) substantially can fulfill the requirement of clean energy for the future. By keeping this view, steam reforming of bioethanol for the production of hydrogen using 10 % Co-ZnO catalyst in fixed bed catalytic reactor was studied. For this, a fixed bed tubular SS-316, 15 mm diameter, 28 cm in length reactor was developed. The reforming reactions were carried to observe the product distribution under atmospheric pressure condition in the temperature range of 350 0 C -550 0 C and bio-ethanol to water feed molar ratio of 1: 8 to 1:12. The Co-ZnO catalyst prepared by co-precipitation method has shown very good catalytic activity in the studied range of molar ratio of feed and reforming temperatures.
Introduction
CO 2 is one of the main constituent of ecosystem on the earth; life on the earth developed in accordance of CO 2 level that was present in the atmosphere at that time. Now, from the mid of 18 th century, we are continuously taking out fossil fuels from the stomach of the earth and adding it into environment in more irregular form (increasing enthalpy of universe). The necessary atmospheric conditions required for life on earth are being continuously disturbed by the extensive use of fossil fuels (adding of CO, CO 2 , SO x , NO x , VOC and other pollutants RESEARCH ARTICLE in the environment). If this is continuously executed, the life of mankind on the earth will be difficult up to the end of this 21 st century. Therefore, it is inevitable to generate alternative new source of energy which must be clean with respect of the environment.
To uphold this priority of clean energy source, hydrogen can substantially fulfill the load of clean energy. Though, till the hydrogen could not stand on the basis of economics if we compare with the cost of fossil fuels, (cost of H 2 /Kg ≈ 2 x cost of fossil fuel/kg for large scale production of H 2 ) 1 due to technological hurdles such as hydrogen storage, transportation and its distribution, continuous research efforts can stand the hydrogen in the global economic era of energy sector. For keeping the view of global cycle of clean and sustainable production of energy, new eco-friendly reservoirs of hydrogen are needed and this can be fulfill by the ethanol or bio-derived ethanol (bioethanol). This research work was done to generate hydrogen using Co/Zno catalyst by steam reforming of bioethanol which can maintain the CO 2 neutral cycle of ecosystem.
Hydrogen is the potential source of clean energy and possesses the highest energy content per unit weight (i.e. 120 kJ/g), as compare to other fuels. Although, most of the used technologies to produce hydrogen are based on natural gas steam reforming, the hydrogen production from bio-liquids such as bioethanol is a promising technology for the future, because it appears as the more attractive alternative due to its renewable characteristics (it is a part of CO 2 neutral cycle), high H 2 yield and low CO 2 emissions [2] [3] [4] . In addition to this, most of the Indian region is mainly a farming region and produces the biomass that gives bioethanol by fermentation such as sugarcane molasses, wheat straw, cotton stalk, rice bran etc 5 . Therefore, on the basis of bioethanol as a feedstock for production of H 2 , more world reforming technologies may attract towards the Indian region in future.
The increase in the yield of H 2 by suppressing the side products such as CO, CO 2 and CH 4 is the prime requirement of ethanol reforming reaction. Also, if these side products are at minimum level on the product side of this reaction, the purification of H 2 will be easy and it will reflect in the improvement of overall process cost of steam reforming of ethanol. Therefore, catalyst is the main crucial part of ethanol steam reforming technology. Lot of researchers has collected the data on number of catalyst [6] [7] [8] [9] [10] [11] [12] [13] [14] . Among these catalyst Co/ZnO, ZnO, Rh/CeO 2 and Ni/Al 2 O 3 are the best suitable catalysts for reforming of ethanol at atmospheric pressure and temperature range of 300-700 0 C.
The objective of this research work is to verify the feasibility of Co/ZnO supported catalyst in the fixed bed catalytic reactor and to observe the effect of the process parameters such as temperature and bioethanol-to-water feed molar ratio on product distribution of reforming of bioethanol.
Experimental
Catalyst was prepared by the co-precipitation method from Zn(NO 3 ) 2 and Co(NO 3 ) 2 aqueous solutions. In this preparation, catalyst precipitation was accomplished by the addition of a K 2 CO 3 solution at 40 0 C. After aging at 40 0 C for 1.5 h with vigorously stirring on a heating plate and then resulting solution washed with distilled water. After washing, the samples were dried at 90 °C overnight. The samples were calcined at 400 °C under air for 12 h with a heating rate of 10 °C/min. After calcinations the catalyst sample was reduced under hydrogen for 12 h at 400 0 C.
Catalyst characterization
The characterization of 10% Co-ZnO Catalyst was carried using X-ray Diffraction. In order to identify the component phases present, using the X-ray microdiffractometer Rigaku D-max-RAPID, with a cylindrical imaging plate detector, that with Cu-Kα radiation allows to collect the diffraction data from 0 to 204° (2) horizontally and from -45 to 45° (2) vertically. Figure 1 shows the enlarge view of XRD of catalyst samples before reaction. It is clearly observed from the Figure 2 i.e. XRD of catalyst samples after reaction, that intensity of peaks gets reduced after reaction. It is clear indication of reforming of ethanol was happened on the 10% Co-ZnO catalyst. 
Experimental Setup
A proper experimental setup with requisite instrumentation and accessories was designed for the reforming of bioethanol in presence of 10% of Co/ZnO. Figure 3 shows the photograph of the actual experimental set-up, whereas Figure 4 shows the schematic flow diagram for the reforming of bioethanol. All the pipe lines from vaporizer to condenser are SS-316 of 1/4" size; connections are made with ferrule connections and needle valves. The reactor set up consists of following components. 1. Peristaltic feed pump having pumping rate from 1 mL/min -50 mL/min 2. SS-316 Vaporizer having 8 cm diameter and 12 cm length equipped with two 1000 watt ceramic band heaters and a Pt-100 temperature sensor to read the vaporizer temperature 
Feed section
All the gases used in this experimentation with a purity degree of 99.999 %. Nitrogen and argon were fed from cylinders, both gases being the gas carrier for bio-ethanol and water vapors, therefore by changing temperature and N 2 flow rate it is possible to obtain different concentrations in the reaction feed. Also, N 2 was used to clean the reactor and to cool the reactor after completion of experimental run.
Reaction section
A system of three way valves allows feed reactants to the reaction section. In by-pass an independent line is used to send nitrogen to wash the reactor. The reactor shown in Figure 3 was developed by Smart automation Ltd. Pune; it was made of a SS-316 tube of 30 cm length and internal diameter of 15 mm placed in a two zone electric oven. The thermocouple is located inside the reactor, in an internal quartz tube of internal diameter of 10 mm concentric to the reactor. An isothermal zone of 8 cm, with a temperature variation of ±1°C, was found at 20 cm from the oven entry ( Figure 5 ). The catalytic bed is located in the isothermal zone. 
Results and Discussion
The results reported are based on reactant selectivity to hydrogen and other carboncontaining products. Selectivity to products is defined as follows:
Where ν i is the ratio of stoichiometric reaction coefficients. 
Effect of temperature
In the reforming of bioethanol the effect of temperature was studied to observe the selectivity behavior of H 2 with respect to other reforming bi-products such as CO, CO 2 and methane. The temperature effect reactions were carried at atmospheric pressure on 1 gm of 10% Co-ZnO catalyst with ethanol water molar ratio of 1:12 and feed flow rate of 2 mL/min for 5 h by varying the temperature from 350 0 C to 550 0 C. It was observed that selectivity of H 2 goes on increasing progressively with increase in temperature as shown in Figure 6 and simultaneously CO 2 also increase up to 500 0 C and then it becomes steady. The temperature effect on the selectivity of CO and other gases shows good reverse effect of decreasing selectivity (15% to 5%) with increase in temperature from 350 to 550 0 C. Whereas, many of the catalysts have been reported as low temperature reforming catalyst 15, 16 , in that selectivity of CO and other gases increases with increase in temperature. This, high-reforming temperatures favor the formation the CO, which poisons the anode. As a result, downstream CO reduction processes such as water gas shift are required. The low temperature ethanol steam reforming faces challenges of formation of undesirable reaction byproducts such as CH 4 and carbon. These are thermodynamically favored at low temperatures 17, 18 , leading to reduced H 2 selectivity and poor catalyst life. Thus, kinetic rather than thermodynamic control of the reaction is required. Figure 6 . Effect of temperature on selectivity of H 2 , CO 2 , CO and other gases formed in the reforming of bioethanol : feed flow rate 2 mL/min, water: ethanol ratio-12:1, Pressureatmospheric, Weight of catalyst-1 g, Catalyst particle size-1 mm.
Effect of water-ethanol mole ratio
The water-bioethanol molar ratio plays an important role in product selectivity. The effect of water-ethanol ratio was studied for reforming of bioethanol in the molar ratio range of 8:1 to 12:1 at atmospheric pressure and 500 Figure 7 . It is observed that increase in amount of water in feed solution of reforming reaction leads in the increase of H 2 and CO 2 formation, H 2 reaching from 52% to near about 60% by increasing ratio from 1:8 to 1: 12 and CO 2 increases from 15% to 25%. The result of this effect is the decrease in the CO formation and it goes down from 10% to 2%. Also, the conversion of ethanol is increases; the main reason of this increase in H 2 selectivity and ethanol conversion is low coke formation due to increase in water content in the feed (increase in water ethanol mole ratio). The large excess of water in the feed solution of reforming reaction favors the water gas shift reaction given by the following equation 2 CO + H 2 O H 2 CO 2 (2) In this reaction CO gets converted into H 2 and CO 2 , and if more water is available more amount of CO gets converted into H 2 and CO 2 . 
Conclusion
Bio-ethanol is a renewable source of energy, and hydrogen for fuel cell can be efficiently produced from bio-ethanol by the steam reforming reaction. The catalytic performance of 10% Co-ZnO catalyst in the steam reforming of bio-ethanol to produce hydrogen for fuel cell applications was investigated by operating the reactor at different reactor operating conditions. The 10% Co-ZnO catalyst has shown the good effectiveness for the reforming of bioethanol over the given period of experimentation. The product distribution of bio-ethanol reforming reaction over Co-ZnO catalyst was found out, H 2 , CO 2 and CO as the main products of reaction along with many side products in minute quantity.
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